Stereological studies are more and more frequent in literature, particularly in the development/evolution, pathology, and neurosciences areas. The stereology challenge is to understand the structural inner threedimensional arrangement based on the analysis of the structure slices only showing two-dimensional information. Cavalieri and Scherle's methods to estimate volume, and Buffon's needle problem, are commented in the stereological context. A group of actions is needed to appropriately quantify morphological structures (unbiased and reproducibly), e.g. sampling, isotropic and uniform randomly sections (Delesse's principle), and updated stereological tools (disector, fractionator, nucleator, etc). Through the correct stereology use, a quantitative study with little effort could be performed: efficiency in stereology means a minimum slices sample counting (little work), low cost (slices preparation), but good accuracy. In the present text, a short review of the main stereological tools is done as a background basis to non-expert scientists.
INTRODUCTION
Morphologists are traditionally interested in form and composition of structures in macro, meso, microscopic, and ultrastructural levels. Recently, morphologists have benefited by the use of genetic and molecular techniques to help the understanding of their problems thus improving biological and biomedical researches. However, questions concerning quantitative alterations of tissues, cells or cellular organelles (which frequently appear in adaptation, evolution or pathology of an organism), as well as a better correlation between morphology and function, need a quantitative approach to be well understood (Weibel 1989 , Mayhew 1992 , Roberts et al. 2000 , Andersen and Pakkenberg 2003 . The development of a quantitative structural platform for E-mail: mandarim@uerj.br experimental biology, extending across a hierarchy of sizes ranging from molecules to organisms, has been punctuated by a series of major achievements over the last years (Bolender 1992) .
The stereology challenge is to understand the structural inner three-dimensional arrangement based on the analysis of the structure slices that show only two-dimensional information ( Figure 1) ; for that stereological principles take into consideration geometry and probability statistics (Weibel 1979 , Jensen 1998 .
In despite of the argument about nomenclature -morphometry and stereology could denominate the same method (Aherne and Dunnill 1982) -most authors consider morphometry a two-dimensional quantitative method that uses a caliper (mainly a caliper micrometer, a gauge with a calibrated mi- crometer screw for the measurement of thin objects under microscopic observation). On the contrary, stereology does not use a caliper (and does not perform a direct measurement), but a test-system usually composed by test-points, test-lines over a known frame (or test-area). Major differences between morphometry and stereology are summarized in Table I (Mandarim-de-Lacerda 1999) .
Morphometry determines lengths, perimeters, areas, and benefits of image analysis software's facilities. Stereology estimates densities; the most interesting are the densities per volume: volume density (Vv), length density (Lv), surface density (Sv), and numerical density (Nv). Densities per area can also be estimated and informative: area density (A A ) and numerical density per area (N A or Q A ) are more frequently estimated (Pereira and Mandarimde-Lacerda 2001b) .
All indices are estimated by the application of specific formulas that will be better demonstrated in the sequence. However, the accuracy of calculations is based on the statistics principles (sample size, randomization, and isotropy). The aim of the sampling design for stereology is to obtain the maximal amount of quantitative structural information at a given total cost or effort. Principles of such optimal designs and methods for generating them will be discussed. In general, the variation between different individuals (the biological variation) is the major determinant of overall efficiency, whereas the variation between single microscopic features is unimportant. However, spend time and/or money in order to increase the precision of the individual measurements is irrational in almost all studies emphasizing biological results. This could be summarized by the sentence ''do more less well'' (Gundersen and Osterby 1981) .
In the last 50 years, stereological studies have appeared in literature more and more frequently, the first studies being based on pioneers (Chalkley 1943 , Abercrombie 1946 , Chalkley et al. 1949 , Weibel and Gomez 1962 , Weibel et al. 1966 . The so called ''new stereology'' was developed in the XXth century's eighties, a collection of procedures turning stereology easier and unbiased (Gundersen et al. 1983 , Sterio 1984 , Gundersen 1988 ) -in reality, the question of bias and stereology is still under discussion, but new techniques make stereology more consistent (Hedreen 1999 , Baddeley 2001 , von Bartheld 2002 , Gardella et al. 2003 . A simple explanation about accuracy and bias in quantitative studies can be verified in the schema of Figure 2 .
Stereology is dynamic and full of perspectives for the future, new approaches to old questions still Mouton et al. 2002) . It must be considered that paraffin -or similar embedding media like Paraplast or Paraplast Plus -causes an intrinsic distortion of structures: the shrinkage caused by fixation, dehydration and paraffin infiltration (Figure 3 ), and compression caused by the knife action in microtomy direction (Figure 4) (Weibel 1979) . In paraffin embedded material shrinkage can be around 25% and compression around 10% relative to the fresh material (Mandarim-de-Lacerda et al. 1985, Mandarim-de-Lacerda and Penteado 1988) . Despite this, it is possible to determine accurate quantities of morphological structures in tissue or cell levels mathematically enlarging the results by multiplying the measurement by the shrinkage and the compression factors previously determined (Mandarim-de-Lacerda et al. 1987) . However, the scope of the stereology is far to be a ''magic'' number, an ''exact'' quantity of cells. The ''exact'' in this case has a statistical point of view. Therefore, the study frequently tries to compare quantities among different groups, the material being prepared similarly. Through the comparison, if the shrinkage and the compression are the same in all groups, its correction might be not necessary (all mathematical correction is inaccurate; sometimes it leads to more bias, becoming more difficult to interpret in biological terms, than not corrected material). It is easy to understand how morphometry and/or stereology can be useful in studies regarding the development (Mandarim-de-Lacerda 1991a, b, Almeida and , aging process (Duffell et al. 2000 , Aguila and Mandarim-de-Lacerda 2001 , and pathological diagnosis (Elias et al. 1981 , Collan 1985 , Hamilton and Allen 1995 , Collan 1997 , Hof et al. 2003 . Pathologists made an effort to establish new and accurate classifications to ambiguous pathologic diagnoses, mainly in carcinomas (any of the various types of malignant neoplasm derived from epithelial tissue in several sites), allowing a prognostic estimate (Hansen et al. 1998 , Ladekarl 1998 .
Stereological studies have scientific advantages over qualitative studies. Firstly, results are numerical (not subjective), then reproducible and easier to be verified at any time by different laboratories. Secondly, the comparison among different groups (ages, species, drug actions, manipulations, etc) are split out more easily; therefore, these methods are particularly useful to test those situations. Thirdly, fastidious work commonly associated with quantitative studies practically disappeared with the strict sampling strategy and the computer-aided way to perform modern stereology. Fourthly, well-established theoretical background makes the method largely acceptable. Fifthly, the need of short time training for young scientists. And finally, the need of low-cost equipment (but a high-standing equipment like a confocal laser scanning microscope is welcome) (Bolender 1981 , 1982 , Gundersen et al. 1999 , Bjarkam et al. 2001 , Pereira and Mandarim-deLacerda 2002 , Charleston et al. 2003 , Davey et al. 2003 .
METHODOLOGICAL PREMISES
Stereological approach has changed with time but it is still based on some methodological premises. The core of all stereological thought is the principle of the XIXth century French geologist Delesse, as we 
A. The Volume Estimation
Frequently we need to estimate the volume of an entire organ or parts of an organ. This measurement is essential to estimate absolute stereological quantities, as we will see ahead. Two main methods are normally used to this estimate, the ''water displacement'' method and the procedure using the Cavalieri's principle.
The volume determination by liquid displacement was solved by Archimedes (287-212 B.C.). King Hiero of Syracusa found the crown made by a goldsmith lighter than he estimated (by the gold quantity he gave the goldsmith to make the crown). Observing the water displacement when he went down into a public bathing pool, Archimedes realized he could solve the problem. At that moment he started running naked, crying Eureka! Eureka! which means, in ancient Greek, I found it! I found it! -This principle was adapted to the small organ's volume estimate, the volume is determined according to the submersion method in which the isotonic saline displacement due to the organ volume is recorded by weighing (W) (Scherle 1970) . As the specific gravity (σ ) of isotonic saline is 1.0048 the volume (V) is obtained by: V=W/σ , or simple V≈W (Weibel 1979) . Normally, weight is measured in grams that need transformation to a volume unit like cubic millimeters, for example (remember: 1g is equal to 10 3 mm 3 ).
The Italian mathematician Bonaventura Cavalieri (1598-1647) inspired by ancient Greeks demonstrated that the volume could be determined in a serially sectioned structure by the product of the slice areas and the slice thickness. From the viewpoint of applied stereology, Cavalieri showed that the volume of an arbitrary shaped object can be estimated in an unbiased manner from the product of the distance between planes (T) and the sum of areas on systematic-random sections through the object ( A) (Mouton 2002) . Figure 5 illustrates the method, if the areas are determined by point counting, the volume will be estimated without any measurement, just point counting. The method is useful in organs that absorb water rather than displace it or in organs like lung that do not displace water (Michel and Cruz-Orive 1988) . Particularly, it is useful in microscopic structures, like the otic ganglion in rat (Costa et al. 1991) In a rock, composed of a number of minerals, the area occupied by any given mineral on a surface of a rock section is proportional to the volume of the mineral in the rock. The Delesse's principle is based on homogenous structures (in stereological viewpoint in ''isotropic and uniform random, IUR, sections''). Only in this case we can accept that:
that means, in IUR sections, the ratio between the partial points (P P ) counted on a section in relation to the total possible points or test-points (P T ) is equivalent to the ratio between lengths (partial, L L , to total length, L T ), areas (partial, A A , to total area, A T ) and volumes (partial, V V , to total volume, V T ). Consequently, we can estimate the length fraction, the area fraction, or the volume fraction of a structure just by point counting. The volume fraction or volume density (V V ) is a powerful robust stereological estimate, i.e. V V could be estimated even when the IUR section cannot be proved at first.
C. Holmes Effect
The ideal specimen is an infinitely thin section. The area occupied by any given component may be overestimated. To the eye placed above the section, the image of the component will appear to occupy a larger area on the surface of the section than it does in fact. In the case of particles with good contrast, it is usual to make some allowance for the Holmes effect if the mean diameter of the particle is less than 12 times the section thickness (Aherne and Dunnill 1982) . Figure 6 shows spheres cut by a thin section and a thick section. Consequently, stereological estimate must take into account the Holmes effect. A mathematical correction of the Holmes effect can be done, although no correction is preferable by using thin sections. In practice, sections with no more than 3µm thick are useful to most of stereological procedures (an exception to the use of thin sections is the disector's method, where thick section over 20µm could be used). The needle problem was ''what is the chance a needle tossed in the air will intersect lines on a parquet floor?'' In the modern stereology the question should be ''what is the probability that a randomly placed line will intersect a grid of parallel lines?'' (Mouton 2002) . Based on this, the border (b) and, consequently, the surface density (S V ) of a structure can be estimated (Figure 7 ):
where d is the distance between the lines of a testsystem, I is the number of intersections of the structure boundary with the lines, and L T is the total length of the lines. The S V is a sensible (not robust) estimate; the IUR sections premise needs to be respected at first (Cruz-Orive and Weibel 1990).
E. Producing IUR Sections
An organ has homogeneous (isotropic or not orientated) structure when we are not able to decide the orientation section observing its histological appearance; otherwise, the organ has a heterogeneous (anisotropic or orientated) structure. IUR sections are the morphological basis to use stereology. IUR sections always can be obtained to allow stereological studies. In organs with homogeneous structure (liver, salivary glands, etc) IUR sections are easy to obtain, cutting the tissue and staining the slices is enough. Organs with a heterogeneous structure need a special procedure to obtain IUR sections. To destruct the internal structural orientation of an organ two main methods have been proposed: the orientator (Mattfeldt et al. 1990 ) and the vertical sections (Baddeley et al. 1986 ).
The orientator is an evolution of the ortrips (Mattfeldt et al. 1985) : it is theoretically shown that in anisotropic specimens the precision of Lv and Sv estimation is considerably increased if IUR sections -oriented sets of three mutually perpendicular sections (orthogonal triplet probes = ortrips) are used. The orientator is a technique for the estimation of length and surface density and other stereological parameters using IUR sections. It is an unbiased, design-based approach to the quantitative study of anisotropic structures, such as muscle, myocardium, bone, and cartilage. No special technical equipment is necessary. Orientator can be generated without difficulty in large specimens like human skeletal muscle, myocardium, placenta, and gut tissue. Slight practical modifications extend the method applicability to smaller organs like rat hearts. At the ultrastructural level, a correction procedure for the loss of anisotropic mitochondrial membranes due to oblique orientation concerning the electron beam has been suggested. Other potential applications of the orientator in anisotropic structures include the estimation of individual particle surface area with isotropic nucleators, the determination of the connectivity of branching networks with isotropic disectors, and generation of isotropic sections for second-order stereology (three-dimensional pattern analysis) (Mattfeldt et al. 1990 ). Figure 8 shows the orientator made with rat heart. For example, in the kidney, the orientator design can be obtained initially by cutting the organ at random; the kidney is then placed on this cut and, again at random, the specimen is cut with a perpendicular section to the first plane. The specimen is again placed on the new cut surface and a new random orientation is defined by cutting the organ in a perpendicular section to the plane. The last cut is considered uniformly isotropic: it means that without reference to the position of the specimen in the first cut the last surface has an orientation that varies from all possible ones.
Vertical sections are plane sections longitudinal to a fixed (but arbitrary) axial direction. Examples are sections of a cylinder parallel to the central axis, and sections of a flat slab normal to the plane of the slab. Vertical sections of any object can be generated by placing the object on a table 8 -Generalization of the orientator method in rat heart preparation. First, the heart is cut at random (1) and after the two halves are put on this face and cut again at random (2), and again (3). This last face has no more information about the structural arrangement of the structure and can be considered isotropic and uniformly random. and taking sections perpendicular to the plane of the table. Stereology's standard methods assume IUR sections, and they are not applicable to this kind of biased sampling. However, using specially designed test systems (cycloid arcs test-system), an unbiased estimate of surface area can be obtained (Mandarimde-Lacerda and Pereira 2001) . No assumptions are necessary about the shape or orientation distribution of the structure. Vertical section stereology is valid on the same terms as standard stereological methods for isotropic random sections. The vertical axis direction is freely chosen, which makes the sampling procedure simple. Figure 9 shows vertical sections in an organ. Fig. 9 -Generalization of the vertical section method in rat kidney. For the kidney, select an arbitrary horizontal reference plane (e.g. the laboratory bench). Once a reference plane has been selected for a particular object it is then considered as fixed. Generate an isotropic orientation in the horizontal plane (A and B) . Section the kidney with uniform random position along this orientation (C and D). The object is given an isotropic rotation on the horizontal plane (D). A cycloid arcs test-system (Figure 11 ) must be used with these sections.
TEST-SYSTEMS AND DATA ACQUISITION
Stereological studies need test-lines, test-points and a known frame (test-area) to get information from the slices. All together, lines, points and frame compose a test-system. Usually, test-systems have a known line length (L T ), total points (P T ), and testarea (A T ). Stereology needs this information to estimate volume density (V V :=P P /P T ), length density (L V :=2.Q A ), and surface density (S V :=2.I/L T ) (we use := because it is an estimate).
Any test-system needs to be superimposed to an image. It can be mounted into microscope's eyepiece, or drawn in acetate and put over the glossy prints (this is normally the case with electron micrographs), or over monitor screen in a videomicroscopic system. Anyhow, we need to count lines and points hitting tissue structures, or number of objects into the frame, to get enough information to the stereological formulas (Gundersen et al. 1988b , Cruz-Orive and Weibel 1990 , Mandarim-deLacerda 1999 . Figure 10 shows a classic test-system called a ''multipurpose test-system'', or M42. A short line length, d, is used to calibration; A T is 36.36d 2 , L T is 21d and P T is 42 (Weibel et al. 1966) . Another test-system composed by cycloid arcs is particularly useful with vertical sections and stratified samples (skin, mucosa, cortex, etc) ( Figure 11 ) (Gundersen et al. 1988b) . If S V do not need to be estimated -remember that S V is not robust, need IUR sections and, therefore, a major effort (great cost) is normally necessary to estimate S V -a test-system without lines could be used (like the example of Figure 12 ), allowing easy and fast counts with no accuracy loss. Since the Danish stereologist Hans Gundersen demonstrated the overestimation caused the edge effect, two borders of a frame have been systematically considered ''forbidden'', and all structures hit by these borders are not considered in the counts ( Figure 13 ) (Gundersen 1977) . In Figure 14 example, a slice of the renal cortex observed under light microscopy is to be counted with the M42 test-system. With the picture magnification short line (d) corresponds to 25µm (consequently, A T =22, 725µm 2 and L T =525µm). Five glomeruli can be counted into the frame not hitting the forbidden line or its extensions (N=5), seven points hit glomeruli (P p =7), and six lines intersect Bowman's capsule (I=6). In these conditions, Vv:=16.7%; Q A (or N A ):=(5/22, 725)/µm 2 or 220/mm 2 ; S V :=0.0229µm 2 /µm 3 or 23mm 2 /mm 3 .
A routine for that calculation can be simplified with a software facility. Of course, this is the result of only one microscopic field. The stereological work needs a sample of fields by individual, some individuals by group. The correct planning about how much count is pivotal to a good stereology must be made at first. In stereology, efficiency is measured by the effort to obtain results. A better efficiency is obtained counting less, therefore spending less money (with material, technical preparation, etc), but maintaining the accuracy (remember the comment of the Introduction ''do more less well'') (Gundersen and Osterby 1981) .
ESTIMATION OF OBJETS QUANTITY
The objects quantity estimation is a crucial issue in stereology. This is partially answered with the estimate of the objects number into a frame (Q A or N A ) (Mussel et al. 2003 ), but it is not enough to study three-dimensional structures. Instead, over the past years a great effort was made to found a reproducible method to estimate the numerical density (Nv) of objects, but, until 1984 all these methods had intrinsic bias Gomez 1962, Aherne 1967 ) -we recommend classic textbooks for a detailed discussion about these old methods (Weibel 1979 , Aherne and Dunnill 1982 , Elias and Hyde 1983 . A truly deep change about the problem of the objects quantity estimation in three-dimensional space occurred with the work published by the nicknamed Sterio and the idea of the ''disector'' method (note that the word ''disector'' has only one s according to its first description) (Sterio 1984) .
Most authors consider the disector method unbiased (Bendtsen and Nyengaard 1989 , Fiala and Harris 2001 , Charleston et al. 2003 , but not unanimously (Hedreen 1999 , Baddeley 2001 , von Bartheld 2002 . When the disector method completed 10 years of use an interesting review demonstrates how the method extended in literature with great impact on the counting and sizing of biological particles (Mayhew and Gundersen 1996) . Figure 15 shows the basic principles of the disector method in which Nv is obtained in sets of two parallel sections with a known separation (thickness). To avoid overestimation of counts one plane (look up plane or look down plane) is considered forbidden and counts must be made only on one plane (because this count is named Q -). For example, if the look down plane is considered forbidden no objects hit by this plane are counted, but hit by the look up plane. Counts are made into a frame of known area A T (considering the forbidden line and its extensions like described before). So, a test-volume is constructed (A T multiplied by thickness), count into this test-volume is considered unbiased (Gundersen et al. 1988a , Mandarim-de-Lacerda and Costa 1993 , Mandarim-de-Lacerda et al. 1995 , Burity et al. 1996 , Aguila and Mandarim-de-Lacerda 1999 , Mandarim-de-Lacerda and Pereira 2000 , Pessanha and Mandarim-de-Lacerda 2000 , Melo et al. 2002 . The optical disector consists of counts made in thick sections observed with a light microscope adapted with axis-z mobile stage (to exactly determine the distance between up and down planes of the disector, or thickness t). The physical disector consists of counts made on photomicrographs (Figure 16 ) (Pereira and Mandarim-de-Lacerda 2001a) or electron micrographs of up and down planes. The numerical density of objects (N V ) can be estimated as: The absolute number of objects (N) can be estimated if the organ (tissue) volume is known (V, Scherle's method of water displacement or Cavalieri's method already described): N = N V ·V.
The fractionator is another unbiased method used to quantify the object number. It uses the manual technique of blood cells counting principle, blood is diluted many times and, at the end, blood cells are counted in this diluted sample. The counted number must be multiplied by the dilutions, allowing the number of cells estimate in the intact blood. With the fractionator technique the same process occurs. The organ is completely sliced, a known fraction of slices is taken (for example, one every three slices) and cut away in strips, a known fraction of strips (for example, one every four strips) is taken and cut away in fragments, a known fraction of the fragments (for example, one every five fragments) is embedded and serially sectioned. Finally, a known fraction of the sections is analyzed (for example, one every three sections) and all objects are counted in these chosen section. This counted number (N [counted] ) must be multiplied by fractions to recompose the absolute number of objects (N [objects] ) in the organ (Pakkenberg and Gundersen 1988 , West et al. 1991 , Nyengaard and Bendtsen 1992 .
In the example above
LAST BUT NOT FINAL WORDS
This short review was addressed to scientists working in different fields of biology and medicine. The author did not consider it an appropriate space to a long discussion about stereology, but an informative text to motivate young scientists, aiming at a comfortable reading of modern texts. Some stereological techniques were not described here (volume- Disector is the union of a reference plane with an unbiased counting frame of area A T and a look-up plane at distance t apart. Four particles are in relation to the disector's volume (calculated as A T x t). In the disector's volume we consider the forbidden line (relative to A T , see Figure  13 ) and a forbidden plane. All particles hitting forbidden line or forbidden plane are not considered. In the example, we suggest the look-down plane as forbidden plane. In right side up and down we see the schema of the slices with the particles profiles. Up slice shows particles 1, 3 and 5. Down slice shows particles 3 and 4. In the up slice particle 5 hit forbidden line. Therefore, only particle 1 in up slice must be counted.
weighted nuclear volume, bone star volume, nucleator, etc) to follow this text characteristics, but it does not imply they are less important for the morphological quantification. For more details, readers are driven to complete and updated textbooks (Howard and Reed 1998 , Russ and Dehoff 2000 , Mouton 2002 ). Statistical analysis of stereological data is an important complement to the present text (Jensen 1998) .
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